
U.S. Weather Research Program (USWRP). The over-
arching goal of the USWRP is to improve high-impact 
weather forecasting capability at an accelerated pace. Par-
ticular emphasis is on better forecasts of the timing, location, 
and specific rainfall amounts of hurricanes and flood events 
that significantly affect the lives and property of U.S. inhabit-
ants. Satellite observations, for example of tropical rainfall, 
are critical to reaching this goal as are improved systems for 
assimilating remote sensing data within models used for 
weather prediction.

U.S. Interagency Working Group on Earth Observations 
(IWGEO). A Declaration of the Earth Observation Summit 
of 33 nations and the European Commission in July, 2003 
calls for a comprehensive, coordinated, and sustained Earth 
observing system or systems to: monitor continuously the 
state of the Earth; increase understanding of dynamic Earth 
processes; enhance prediction of the Earth system; and further 
implement environmental treaty obligations. Responding to 
this comprehensive goal, an intergovernmental Group on 
Earth Observations (GEO) is developing a 10 year plan for 
an integrated Earth observation system. The U.S. IWGEO 
coordinates the observing plans of U.S. Federal agencies 
and provides the U.S. input to the international GEO plan. 
NASA looks to this decadal planning activity to articulate 
many of the challenges and goals for the next major stages in 
Earth remote sensing, assimilation of observations, and pre-
diction of variations and change within the Earth system.

NASA seeks mutually beneficial cooperation in Earth science 
research with other nations and groups of nations. In order 
to study the diverse components of global change, data with 
global scope and coverage are required. Phenomena across 
the planet must be observed, modeled, and understood. 
Regional observations and experiments as well as the par-
ticipation of regional experts in the process of discovery are 
essential. Recognizing this inherently international character 
of Earth science, NASA has cooperative agreements for joint 

or coordinated Earth science research with over 60 nations 
that range from data sharing to collaborative development of 
remote sensing research satellites. Additionally, NASA partic-
ipates in the major international programs in Earth science.

International Geosphere-Biosphere Programme (IGBP). 
With current focus on biogeochemistry, the IGBP delivers 
scientific knowledge to help human societies develop in har-
mony with Earth’s environment. The program’s scientific 
objective is to describe and understand the interactive physi-
cal, chemical and biological processes that regulate the total 
Earth System, the unique environment that it provides for 
life, the changes that are occurring in this system, and the 
manner in which they are influenced by human actions. IGBP 
develops and nurtures common international frameworks for 
collaborative research based on agreed agendas, assembles es-
sential databases, and synthesizes scientific results.

World Climate Research Programme (WCRP). Jointly 
sponsored by the International Council of Scientific Unions 
and the World Meteorological Organization, WCRP devel-
ops the fundamental scientific understanding of the physical 
climate system and climate processes needed to determine to 
what extent climate can be predicted and the extent of hu-
man influence on climate. The program encompasses studies 
of the global atmosphere, oceans, sea and land ice, and the 
land surface which together constitute the Earth’s physical 
climate system.

Together with a number of other international programs and 
organizations, the IGBP and WCRP provide an important 
international framework within which NASA Earth science 
research participates for coordination, planning, and collabo-
ration. NASA looks to IGBP and WCRP to provide forums 
for considering priorities and arranging cooperation in order 
to keep NASA Earth science research in synchrony with in-
ternational efforts and those of specific regions and nations 
and to take maximum advantage of joint ventures.
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Integration and 
Synthesis 

The science focus areas enable NASA to tackle the Earth 
system science puzzle by arranging the problem in inter-
disciplinary yet implementable pieces which are themselves 
interconnected. Earth system science requires that we also 
bring the pieces back together. 

Global and continuous observations from space combined 
with a comprehensive program of modeling, analysis, and 
synthesis enable the Earth system science research within 
NASA necessary to address challenging questions and issues 
of contemporary interest to society while extending our fun-
damental understanding of planet Earth. The Earth science 
focus areas provide the scientific basis for Earth observations 
and develop and maintain the research to resolve the science 
questions that underpin NASA’s effort. Over the next de-
cade, NASA will contribute far better capabilities for Earth 
observations and for projecting variations and change in the 
Earth system. Table 5.1 summarizes the major outcomes 
focusing on prediction that NASA expects to produce. Col-
lectively, these outcomes represent a challenging decadal goal 
that requires unprecedented integration and synthesis of ob-
servations and the broad array of scientific results produced 
by research tasks within each focus area. 

Many of the projected outcomes result from combining 
multiple observations, coupling models, and the synthesis 
of scientific results. Important properties and variables, such 
as the carbon content of soils, are not amenable to remote 
sensing and are better estimated from in situ measurements, 
where available, incorporated into models that are otherwise 
constrained over large areas by remote sensing. Assimilation 
of satellite observations into models provides a means of di-
agnosing the full states of major components of the Earth 
system, estimating current conditions for the entire system, 
and forecasting or predicting change. Satellite data assimi-
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Table 5.1. 

Projected Outcomes 

Climate Variability How can predictions of climate Predict near- and long-term climate change, implications for global sea level change, 
and Change variability and change be improved? regional temperature, precipitation, and soil moisture. For example by 2014: 

• Reduce uncertainty in global sea level rise by 50%; 

• Enable 10-year or longer climate forecasts. 

Atmospheric How will future changes in Predict the course of recovery of Earth’s atmospheric ozone 
Composition atmospheric composition affect shield and assess the air quality. For example by 2014: 

ozone, climate, and air quality? 

• Predict global distribution of stratospheric and tropospheric ozone to within 25%; 

• Enable extension of air quality forecasts for ozone and aerosols from 24 to 72 hours. 

Carbon Cycle 
and Ecosystems 

How will carbon cycle dynam-
ics and terrestrial and marine 
ecosystems change in the future? 

Predict global terrestrial and oceanic biological productivity, ecosystem 
health, and interactions with the climate system. For example by 2014: 

• Project 10 to 100-year concentrations of CO2 and CH4 with 
greater than 50% improvement in confidence; 

• Enable ecological forecasts that project sensitivity of terrestrial and marine 
ecosystems. 

Water and 
Energy Cycle 

How will water and energy cycle 
dynamics change in the future? 

Improve intermediate range forecasts for droughts and seasonal water supply; predict 
global scale energy storage and transport in the atmosphere. For example by 2014: 

• Enable seasonal precipitation forecasts at 10–100 km reso-
lution with greater than 75% accuracy; 

• Balance global water and energy budgets to within 10% 

Weather How can weather forecast duration 
and reliability be improved? 

Significantly improve short-term and severe weather forecasts for hurricanes, 
winter storm hazards, and other extreme weather events. For example by 2014: 

• Decreased hurricane landfall uncertainty from ± 100 km in 3-day forecasts; 

• Enable 7–10 day forecasts at 75% accuracy. 

Earth Surface 
and Interior 

How can our knowledge of Earth 
surface change be used to predict 
and mitigate natural hazards? 

Predict volcanic activity within a month and estimate earthquake prob-
abilities for selected tectonic zones. For example by 2014: 

• Enable 30-day volcanic eruption forecasts with greater than 50% confidence; 

• Estimation earthquake likelihood in North American plate 
boundaries with greater than 50% confidence. 

lation for weather forecasting demonstrates the enormous 
potential of this approach. 

Thus, as illustrated by figure. 5.1, NASA Earth science re-
search is directed toward a fully coupled Earth system model 
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constrained and driven by satellite observations. Incremental 
progress by coupling the models emerging from focus area 
research within a formal Earth system modeling framework 
enables important products along the path to a fully coupled 
model. For example, the dependence of the carbon cycle 
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Table 5.2a 

U.S. Climate Change Science Program elements and 
NASA Earth science focus areas 

CCSP Research Elements Earth Science Focus Areas 

Atmospheric Composition Atmospheric Composition 

Climate Variability and Change Climate Variability and Change 

Global Water Cycle Global Water and Energy Cyle 

Land Use/Land Cover Change 

Global Carbon Cycle 

Ecosystems 

Carbon Cycle and Ecosystems 

Human Contributions and Response 

Weather 

and climate systems on each other is so strong, that coupled 
models of these systems are being used now to provide bet-
ter understanding of potential climate change due to CO2 
increase. These coupled carbon cycle and climate models 
will be improved further in the future by coupling to full 
atmospheric chemistry models in order to consider other 

Table 5.2b 

atmospheric constituents or the shorter term influences of 
weather by incorporating weather phenomena. 

NASA’s goals in Earth science research, Earth observations, 
and Earth system modeling mandate coordination and col-
laboration with other Federal agencies. The U.S. Climate 

U.S. Climate Change Science Program goals and NASA 
Earth science research questions 

CCSP Research Elements Earth Science Research Questions 

Improve knowledge of the Earth’s past and present climate and 
environment, including its natural variability, and improve under-
standing of the causes of observed variability and change 

How is the global Earth system changing? (Variability) 

Improve quantification of the forces bringing about chang-
es in the Earth’s climate and related systems 

What are the primary causes of change 
in the Earth system? (Forcings) 

Reduce uncertainty in projections of how the Earth’s cli-
mate and related systems may change in the future 

How does the Earth system respond to natu-
ral and human-induced changes? (Response) 

Understand the sensitivity and adaptability of different natural and managed 
ecosystems and human systems to climate and related global changes 

What are the consequences of change in the Earth sys-
tem for human civilization? (Consequences) 

Explore the uses and identify the limits of evolving knowledge to man-
age risks and opportunities related to climate variability and change 

How will the Earth system change in the future? (Prediction) 
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Change Science Program provides the framework for this co-
operation toward resolving a suite of questions closely related 
to those in table 2.1, and NASA’s Earth science focus areas 
are closely aligned with CCSP program elements (table 5.2a 
and b). The CCSP is committed to synthesis and assessment 
products, many of which will make use of Satellite observa-
tions and Earth system modeling results. Table 5.3 lists the 
products that NASA is directly responsible for, either in a 
lead or supporting role. Scientific results from all of NASA’s 
Earth science focus areas will play in the CCSP synthesis; 
data products and model results aimed at decision support 
will be critical to producing assessment products. 

Earth science research within NASA works in synergy with 
technology and education programs through constant inter-
action to introduce innovation and to continually revitalize 
the pool of talented scientists and engineers that will carry 
the program into yet unforeseen frontiers (figure. 5.2). The 

applied science program works to bring the wealth of observa-
tions and research results into decision support for nationally 
prominent topics. Companion plans describe the Education, 
Technology, and Applied Science Programs (figure. 1.2), tak-
ing guidance from this research plan and the Agency’s overall 
Earth science strategy. 

As figure 5.2 illustrates, the NASA Earth science program in-
corporates a critical cycle from research outcomes and their 
impacts back to the assumptions and questions underlying 
the research effort. New investigators and technological in-
novation are important drivers of this cycle. As we gain new 
knowledge and capabilities, new questions will replace those 
of today, and the current science focus areas will realign or 
perhaps be replaced to address new challenges. The research 
effort to address these questions will demand new observa-
tions, models, and analyses—the resources and tools of next 
generations of Earth system scientists. 

With real-time model-
measurement feedback 
and optimization 
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Change Science Program provides the framework for this co-
operation toward resolving a suite of questions closely related 
to those in table 2.1, and NASA’s Earth science focus areas 
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the program into yet unforeseen frontiers (figure. 5.2). The 

applied science program works to bring the wealth of observa-
tions and research results into decision support for nationally 
prominent topics. Companion plans describe the Education, 
Technology, and Applied Science Programs (figure. 1.2), tak-
ing guidance from this research plan and the Agency’s overall 
Earth science strategy.

As figure 5.2 illustrates, the NASA Earth science program in-
corporates a critical cycle from research outcomes and their 
impacts back to the assumptions and questions underlying 
the research effort. New investigators and technological in-
novation are important drivers of this cycle. As we gain new 
knowledge and capabilities, new questions will replace those 
of today, and the current science focus areas will realign or 
perhaps be replaced to address new challenges. The research 
effort to address these questions will demand new observa-
tions, models, and analyses—the resources and tools of next 
generations of Earth system scientists.
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Figure 5.2 
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Table 5.3 U.S. Climate Change Science Program synthesis and assessment products. 

Reference 
Number Topic Agencies Time Frame 

(From October 2003) 

1.1 Temperature Trends in the Lower Atmosphere—Steps 
for Understanding and Reconciling Differences 

NOAA (Lead); NASA, 
DOE, NSF 

Within 2 years 

1.2 Past Climate Variability and Change in 
the Arctic and at High Latitudes 

USGS (Lead); NSF, 
NOAA, NASA 

Within 2 years 

1.3 Re-analyses of Historical Climate Data for Key 
Atmospheric Features—Implications for At-
tribution of Causes of Observed Change 

NOAA, NASA(Lead); DOE 2–4 years 

2.1 Updating Scenarios of Greenhouse Gas Emissions and 
Concentrations in Collaboration with the CCTP—Review 
of Integrated Scenario Development and Application 

DOE (Lead); NOAA, NASA Within 2 years 

2.2 North American Carbon Budget and Impli-
cations for the Global Carbon Cycle 

DOE, NOAA, NASA 
(Lead); USDA, USGS 

Within 2 years 

2.3 Aerosol Properties and Their Impacts on Climate NOAA, NASA (Lead) 2–4 years 

2.4 Trends in Emissions of Ozone-Depleting Substances, 
Ozone Layer Recovery, and Implications for Ultra-
violet Radiation Exposure and Climate Change 

NOAA, NASA (Lead) 2–4 years 

3.1 Climate Models and Their Uses and Limitations, Includ-
ing Sensitivity, Feedbacks, and Uncertainty Analysis 

DOE (Lead); NOAA, 
NASA, NSF 

Within 2 years 

3.3 Climate Extremes Including Documentation of Current 
Extremes—Prospects for Improving Projections 

NOAA (Lead); NASA, 
USGS, DOE 

2–4 years 

4.1 Coastal Elevation and Sensitivity to Sea Level Rise USGS, EPA, NOAA 
(Lead); NASA, DOE 

Within 2 years 

4.3 Relationship Between Observed Ecosys-
tem Changes and Climate Change 

USGS, USDA (Lead); 
EPA, NOAA, NASA, NSF, 
USGS, DOE, USAID 

2–4 years 

4.4 Preliminary Review of Adaptation Options for Cli-
mate-Sensitive Ecosystems and Resources 

USDA, EPA (Lead); NOAA, 
NASA, USGS, DOE, USAID 

2–4 years 

4.5 Scenario-Based Analysis of the Climatologi-
cal, Environmental, Resource, Technological, and 
Economic Implications of Different Atmospheric 
Concentrations of Greenhouse Gases 

CCSP (Lead); NASA, 
USGS, EPA, NOAA, DOE 

2–4 years 

4.6 State-of-the-Science of Socioeconomic and En-
vironmental Impacts of Climate Variability 

EPA (Lead); NOAA, 
NASA, DOE, USAID 

2–4 years 

4.7 Within the Transportation Sector, a Summary 
of Climate Change and Variability Sensitivities, 
Potential Impacts, and Response Options 

DOT (Lead); USGS, 
DOE, NASA 

2–4 years 

Earth Science
46 

2004 Research Plan 



1/6/05 DRAFT 

Table 5.3 Continued 

Reference 
Number Topic Agencies Time Frame 

(From October 2003) 

5.1 Uses and Limitations of Observations, Data, 
Forecasts, and Other Projections in Decision 
Support for Selected Sectors and Regions 

NASA (Lead); EPA, 
NOAA, USGS, DOE 

Within 2 years 

5.2 Best Practice Approaches for Character-
izing, Communicating, and Incorporating 
Scientific Uncertainty in Decision Making 

NASA (Lead); EPA, NOAA, 
USGS, DOE, NSF 

Within 2 years 

5.3 Decision Support Experiments and Evalu-
ations Using Seasonal to Interannual 
Forecasts and Observational Data 

NOAA (Lead); NASA, 
EPA, USGS, USAID 

Within 2 years 
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